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© Process for preparation of methacrolein and methacryllc acid from methyl tert.-butyl ether. 



® A process for preparation of methacrolein and methacrylic acid characterized by carrying out catalytic gas 
phase oxidation of methyl tert-butyl ether with a molecular oxygen-containing gas by using a ring-shaped 
catalyst which has an outer diameter of 3.0 to 10.0 mm, a length of 0.5 to 2,0 times the outer diameter and a 
through hole, along the length, having a diameter of 0.1 to 0.7 times the outer diameter, and which comprises an 
^active substance having a composition represented by general formula 
^Mo^W^Bi^Fe^Ae^B^gjD^O^ 

wherein Mo represents molybdenum, W represents tungsten, Bi represents bismuth, Fe represents iron, A 
<0 represents at least one eiement selected from the group consisting of nickel and cobalt, B represents at least 
CO one element selected from the group consisting of alkali metais, alkaline earth metals and thallium, C represents 
^-at least one element selected from the group consisting of phosphorus, tellurium, antimony, tin, cerium, lead, 
O niobium, manganese, zinc, germanium, gallium, lanthanum, indium, cadmium, vanadium, chromium, uranium and 
^silver, D represents at least one element selected from the group consisting of silicon, aluminum, titanium and 
O zir conium and O represents oxygen; and further, each of a, b, c, d, e. f, g, h. and x represents an atomic ratio, 
when a= 12, then b = 0 to 10, c = 0.1 to 10, d = 0.1 to 20, e = 2 to 20, f ■ 0 to 10, g - 0 to 4 and h = 0 to 
I2j30, and x is a numerical value to be dependent on the valences of the other elements. 
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This invention relates to a process for preparation of methacrolein and meth acrylic acid. More 
specifically, it relates to a process for industrially advantageous preparation of methacrolein and methacrylic 
acid by catalytic gas phase oxidation of methyl tert-butyl ether (to be referred to as "MTBE" hereinbelow) 
with a molecular oxygen-containing gas in the presence of an oxidizing catalyst containing molybdenum. 
5 iron, bismuth and cobalt and/or nickel and having a specific ring-like shape. 

In the case of use of tertiary butanol as a starting material for preparation of methacrolein by a catalytic 
gas phase oxidation reaction, many catalysts therefor have also been proposed hitherto. 

In general, isobutylene or tertiary butanol has been obtained by subjecting a so-called C* spent fraction 
resulting from removal of butadiene from a C* fraction produced as a by-product at a naphtha cracking 
10 step, to treatment for separation thereof by sulfuric acid method, hydration method or a method of going 
through MTBE obtained by a reaction with methanol. A large amount of MTBE are now in use as a gasoline 
modifier. Therefore, it is economically advantageous if it is possible to develop a process thereby to directly 
convert MTBE to mathacrolein or methacrylic acid by a catalytic gas phase oxidation reaction without 
converting it to isobutylene once as mentioned above. 
75 However, there are only a few literatures on a process for preparation of methacrolein or methacrylic 
acid from MTBE as a starting material, and one literature which can be referred to is, for example, 
Japanese Laid-Open Patent Publication No. 18508/1978. The publication discloses a process for preparation 
of methacrolein which comprises oxidizing a tert-butyl group-containing compound selected from the class 
consisting of tert-butyl alcohol, alkyl tert-butyl ether in which the alkyl group contains 1 to 4 carbon atoms 
20 and a mixture of isobutylene dimer and (or) iso butylene trimer with isobutylene, in the presence of a 
catalyst containing main components of iron, bismuth and molybdenum, at least one essential subcom- 
ponent selected from nickel, cobalt, magnesium, zinc, manganese, cadmium and calcium and an optional 
component of alkali metals, barium, strontium, thallium, indium, silver, copper or a mixture of these, or 
phosphorus, antimony, germanium, chromium, thorium, tin, niobium, praseodymium, tungsten, boron, 
25 zirconium, cerium, arsenic or a mixture of these. 

According to the above Publication, the yield of methacrolein in a single flow is 73 %, and the yield of 
isobutylene in a single flow is 4 %. However, this catalyst giving these yields is not satisfactory as an 
industrially usable one, in view of the presently practically utilized process using isobutylene or tertiary 
butanol as a starting material. 
30 In the case of using MTBE as a starting material, it is very desirable to directly convert it to methyl 
methacrylate without preconverting it to isobutylene. However, when a catalyst of molybdenum-iron-bismuth 
type is used, a major part of the resulting reaction product tends to be methacrolein and only a small 
amount of methacrylic acid tends to be produced. Further, at the same time, methanol is formed as a by- 
product, and the formed methanol is not desirable for a step of separation and purification of methacrolein 
35 and methacrylic acid. The methanol also reacts with acetic acid, maleic acid and other various acids which 
are simultaneously formed as by-products, to form ester compounds. These disadvantages constitute a 
large factor preventing industrilizatlon of this process. 

It is an object of this invention to provide a process for producing methacrolein and methacrylic acid 
from MTBE without causing the above disadvantages. 
40 The present inventors have thought it advantageous to effect heat recovery of methanol formed as a by- 
product in decomposition of MTBE by combusting same on a catalyst, in order to achieve the above object, 
and further thought it desirable to relieve a thermal load caused by exothermic heat on the catalyst in order 
to combust the methanol on the catalyst as much as possible. And on the basis of these thoughts, they 
made studies diligently, and reached this invention. 
45 Thus, according to this invention, there is provided a process for preparation of methacrolein and 
methacrylic acid characterized by carrying out catalytic gas phase oxidation of methyl tert-butyl ether with a 
molecular oxygen-containing gas by using a ring-shaped catalyst which has an outer diameter of 3.0 to 10.0 
mm, a length of 0.5 to 2.0 times the outer diameter and a through hole, along the length, having a diameter 
of 0.1 to 0.7 times the outer diameter, and which comprises an active substance having a composition 
so represented by general formula 
Mo (ai W (b) Bi (c) Fe {d> A (e) B (r) C (g) D (h) 0 (x) 

wherein Mo represents molybdenum. W represents tungsten, Bi represents bismuth, Fe represents iron, A 
represents at least one element selected from the group consisting of nickel and cobalt, B represents at 
least one element selected from the group consisting of alkali metals, alkaline earth metals and thallium. C 
55 represents at least one element selected from the group consisting of phosphorus, tellurium, antimony, tin, 
cerium, lead, niobium, manganese, zinc, germanium, gallium, lanthanum, indium, cadmium, vanadium, 
chromium, uranium and stiver, D represents at least one element selected from the group consisting of 
silicon, aluminum, titanium and zirconium and 0 represents oxygen; and further, each of a. b, c, d, e. f. g, h, 
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and x represents an atomic ratio, when a«12, then b = 0 to 10, c « 0.1 to 10, d = 0.1 to 20, e = 2 to 20, 
f = 0 to 10, g = 0 to 4 and h = 0 to 30, and x is a numerical value to be dependent on the valences of the 
other elements. 

It is made possible by the process of this invention to prepare methacroiein and methacrylic acid 
5 directly from MT8E at high yields and over a long period of time, further, while the formation of by-products 
such as methanol, etc., is prevented as much as possible. The above success by the process of this 
invention is not only because of the composition of the above oxide catalyst but also because largely of the 
formation of the catalyst in a ring-like shape. The further detailed effects thereof are as follows. 

(i) By formation of a catalyst in a ring-like shape, the geometrical surface area of the catalyst 
10 Increases and according thereto, the conversion of MTBE increases. Methacroiein formed within pores 
diffuses promptly within the pores as compared with the use of a spherical or cylindrical catalyst, and a 
reaction into acetic acid, carbon dioxide or carbon monooxide, which is a successive reaction, decreases. 

(I!) A pressure drop within catalyst layers decreases, which makes it possible to decrease the energy 
cost of a blower. 

15 (iii) The temperature in a local abnormal high temperature zone caused by the exothermic reaction 

can be decreased. More concretely, by formation of a catalyst in a ring-like shape, the temperature- 
removing effect increases and the temperature in a hot spot decreases. As a result, the increase rate of a 
pressure drop and the degradation of performance caused by emancipation of molybdenum, one of the 
catalyst components, during the reaction become small and the life of the catalyst becomes long. 

20 The catalyst of this invention can be prepared by known method. For example, the desired catalyst can 
be prepared by forming catalyst materials into a powder or clay-like substance by precipitation method, 
kneading method, etc., optionally adding thereto a small amount of carbon black, stearic acid, starch, 
polyacrylic acid, mineral oil, stainless powder, whisker, glass fiber, ammonium nitrate, ammonium car- 
bonate, water, etc., forming the mixture into a ring-like shape by using a tablet-forming machine, extruding 

25 machine or the like, drying the resultant ring-like product and then firing said product at a temperature of 
400 to 700* C under air current or nitrogen current; or by adhering, e.g., by spray method, a slurry of the 
catalyst components to a carrier having a dimension and shape formed such that the dimension and shape 
specified by this invention can be finally obtained, drying the resultant ring-like product, and then firing said 
product at a temperature of 400 to 700* C under air current or nitrogen current. 

30 Recommendable as materials of such a catalyst of this invention are compounds which are decom- 
posable into oxide forms in the above catalyst preparation step. For example, nitrate, ammonium salt, 
organic acid salt, hydroxide, oxide, metal acid, matal acid ammonium salt, etc., are used. 

The alkali metal is selected from lithium, sodium, potassium, rubidium and cesium. The alkaline earth 
metal is selected from beryllium, magnesium, calcium, barium and strontium. 

35 * The catalytic gas phase oxidation reaction according to this invention is carried out by introducing a 
mixture of 2 to 10 % by volume of MTBE, 3 to 20 % by volume of molecular oxygen, 0 to 60 % by volume 
of steam and 20 to 80 % by volume of an inert gas (e.g., nitrogen, carbon dioxide gas, methane, ethane, 
propane, butane, etc.) onto a catalyst prepared in a way along the above-mentioned methods, at a 
temperature of 250 to 450° C, under pressure of atmospheric pressure to 10 atom and at a space velocity 

40 of 300 to 5,000 hr ~ ! (STP). The molecular oxygen may be pure oxygen or air. Further, MTBE may be one 
which is not pure and, for example, may be one having about the same purity as those used as gasoline 
modifiers. 

This invention will be explained hereinbelow according to Examples. However, it shall not be limited 
thereto. The conversion, selectivity and yield in a single flow are as defined below. 

45 
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Conversion (%) == 

5 Number of moles of reacted MTBE 1QQ 

Number of moles of charged MTBE 

Selectivity to effective component (%> = 

io Number of moles of formed effective component X 2.00 

Number of moles of reacted MTBE " 

Yield of effective component in a single flow * 
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25 



Number of moles of formed effective component xl00 
Number of moles of charged MTBE 



EXAMPLE 1 



Cobalt nitrate (1.019 g) and 202 g of ferric nitrate were dissolved in 1,000 ml of water. Separately, 243 g 
of bismuth nitrate was dissolved in a nitric acid/water solution consisting of 30 ml of concentrated nitric acid 
and 120 ml of water. Further, separately, 1,059 g of ammonium p-molybdate and 265 g of ammonium p- 
tungstate were dissolved in 3,000 ml of water, successively, while the water was heated with stirring, and 
the mixture of the first two aqueous solutions of nitrates was added and mixed with this solution. Then, an 
aqueous solution of 39 g of cesium nitrate in 100 ml of water and 203 g of silica sol containing 20 % by 
weight of silica were successively added and mixed therewith. The resultant suspension was heated with 
stirring, and evaporated and dried to solidness. Then the solid was formed into a ring-like shape having an 
30 outer diameter of 5.0 mm, a length of 5.5 mm and a through hole inner diameter of 2.0 mm and the ring- 
shaped product was fired under air current at 500* C for 6 hours. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
M01 2 W 0 .5Co7Bii Fei Sii 35 Cs 0 4. 

The resultant catalyst (1 .500 ml) was filled in a steel reaction tube having a diameter of 25.4 mm, and a 
35 mixture gas composed of 5 % by volume of MTBE, 13 % by volume of oxygen, 5 % by volume of steam 
and 77 % by volume of nitrogen was introduced to carry out a reaction under conditions where the reaction 
temperature was 360* C and the space velocity was 1,000 hr~'(STP). Table 1 shows a pressure drop and 
AT (temperature difference between reaction temperature and hot spot) and yields during the reaction. 

In addition, products formed other than those shown in Table 1 were 0.5 mole% of methyl methacrylate, 
40 1.5 mole% of isobutylene and a trace (not more than 0.1 mole %) of methanol. It was also found that a 
trace of carbon dioxide, carbon monooxide, acetic acid, acetone, acetaldehyde. etc., were formed as by- 
products. 

Further. Table 1 also shows the test results obtained after the reaction was continued for 4,000 hours. 

During the above 4,000 hour reaction, it was necessary to elevate the reaction temperature by 5*C. 
45 However, at the time when 4,000 hours passed and the reaction was stopped, the reaction system was 
subject to heat treament at 350* C for 3 hours under air current containing a small amount of steam, and 
the reaction was restarted to show that the reaction performance was restored to values obtained at the 
beginning of the reaction. 
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EXAMPLE 2 



A part of the suspension obtained in Example 1 was aged at 80* C for 3 hours. 
55 The above suspension was adhered to an alpha-alumina carrier preformed in a ring-like shape having 
an outer diameter of 8 mm, a length of 8.8 mm and a through hole inner diameter of 4 mm, by spray 
method under heated air current, and then the sprayed carrier was dried and fired under air current at 
500 *C for 6 hours. 
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The produced catalyst had an outer diameter of 9.5 mm, a length of 10.5 mm and a through hole inner 
diameter of 2 mm. 

The resultant catalyst was used for a reaction according to Example 1 . However, the reaction 
temperature was set at 370* C. Table 1 shows the results of the reaction. 

s 

EXAMPLE 3 

70 A catalyst was prepared in the same way along the procedure of Example 1 except that the catalyst 
was dimensioned and shaped to an outer diameter of 3 mm, a length of 3.3 mm and a through hole Inner 
diameter of 1 mm to carry out the same reaction as in Example 1 . 
Table 1 shows the results of the reaction. 
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EXAMPLE 4 



A catalyst was prepared in the same way along the procedure of Example 1 except that the catalyst 
20 was dimensioned and shaped to an outer diameter of 8 mm, a length of 8.8 mm and a through hole inner 
diameter of 4 mm, to carry out the same reaction as in Example 1. 
Table 1 shows the results of the reaction. 

25 COMPARATIVE EXAMPLE 

A cylindrically shaped catalyst having an outer diameter of 5.0 mm and a length of 5.5 mm was 
prepared by using a part of the suspension obtained in Example 1, and a catalytic gas phase oxidation 
30 reaction of MTBE was carried out in the same way as in Example 1 . 

Table 1 shows a pressure drop, AT, and yield during the reaction. In this case, since AT was high, the 
selectivity to methacroiein was low and the presence of methanol In an amount corresponding to 15 % of 
the thoretically fbrmable amount by decomposition of MTBE was found in a reaction product gas. 

Table 1 also shows the catalyst performance after the reaction was carried out for 4,000 hours. During 
35 the 4,000 hour reaction in this Example, it was necessary to elevate the reaction temperature by 15* C. 
Further, it was found that methanol was present in the reaction product gas in an amount corresponding to 
18 % of the theoretically formable amount, which thus showed that the catalyst performance on combustion 
of methanol was further degraded. 

40 

EXAMPLE 5 

Cobalt nitrate (873.4 g), 145.4 g of nickel nitrate and 202 g of ferric nitrate were dissolved In 1.000 ml of 
45 water. Separately, 243 g of bismuth nitrate was dissolved in a nitric acid/water solution consisting of 30 mi 
of concentrated nitric acid and 120 ml of water. Further, separately, 1,059 g of ammonium p-molybdate and 
133 g of ammonium p-tungstate were dissolved in 3.000 ml of water, successively, while the water was 
heated with stirring, and the mixture of the first two aqueous solutions of nitrates was added and mixed with 
this solution. And then an aqueous solution of 19.5 g of cesium nitrate, 2.8 g of potassium nitrate and 4.2 g 
so of sodium nitrate in 100 ml of water and 203 g of silica sol containing 20 % by weight of silica were added 
and mixed therewith successively. The resultant suspension was heated with stirring, and evaporated and 
dried to solidness. Then the solid was formed into a ring-like shape having an outer diameter of 5 mm, a 
length of 5.5 mm and a through hole inner diameter of 2.0 mm and the ring-shaped product was fired under 
air current at 500 ' C for 6 hours. 
55 The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
M01 2 Wi Coe Nil Fei Sii ,35Cso5Nao.i Ko,i . 

The resultant catalyst (1,500 ml) was filled in a steel reaction tube having a diameter of 25.4 mm, and a 
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mixture gas composed of 5 % by volume of MTBE, 13 % by volume of oxygen, 5 % by volume of steam, 
20 % by volume of propane. 20 % by volume of carbon dioxide gas and 37 % by volume of nitrogen was 
introduced to carry out a reaction under conditions where the reaction temperature was 360 ' C and the 
space velocity was 1,000 hr-^STP). Table 1 shows a pressure drop, AT, and yields during the reaction. 

5 

jf 

EXAMPLE 6 

r 

to Example 1 was repeated except that 11.6 g of rubidium carbonate and 26.6 g of thallium nitrate were 
used in place of cesium nitrate, to prepare a catalyst. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
Mot 2 W 2 C07 Bii Fei Sii .35Rbo.2Tlo.fc. 

Table 1 shows the results of the same reaction as in Example 1 by using this catalyst. 

15 

EXAMPLE 7 



20 Cobalt nitrate (1.019 g), 145.4 g of nickel nitrate and 808 g of ferric nitrate were dissolved In 1.000 ml of 
water. Separately. 364.5 g of bismuth nitrate was dissolved in a nitric acid/water solution consisting of 45 ml 
of concentrated nitric acid and 180 ml of water. Further, separately, while 3,000 ml of water was heated with 
stirring, 1,059 g of ammonium p-molybdate was dissolved in the water, and further 43.4 g of cerous nitrate 
was added. And the mixture of the first two aqueous solutions of nitrates was added drop wise and mixed 

25 with this solution. And then an aqueous solution of 25.6 g of magnesium nitrate in 100 ml of water and 39.9 
g of titanium dioxide were added and mixed therewith successively. The resultant suspension was heated 
with stirring, and evaporated and dried to solidness. Then the solid was formed into a ring-like shape having 
an outer diameter of 5 mm. a length of 5.5 mm and a through hole inner diameter of 2.0 mm and the ring- 
shaped product was fired under air current at 500* C for 6 hours. 

30 The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
Mot2Co7Nii Bi1.5Fe4.Ti1 oCec2Mg 0 _2. 

The oxidation reaction of MTBE was carried out according to the procedure of Example 1. Table 1 
shows the results of the reaction. 

35 

EXAMPLE 8 



Example 7 was repeated except that 23.6 g of calcium nitrate and 10.6 g of strontium nitrate were used 
40 in place of magnesium nitrate, that 7.5 g of tin oxide and 7.3 g of antimony trioxide were used in place of 
cerous nitrate and that 61 .6 g of zirconium oxide was used in place of titanium dioxide. And the reaction 
test was carried out also according to the procedure of Example 7. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
Moi2Co7NiiBii^Fe*Zr 10 Sno.iSbo.iCao^Sro.i. 
45 Table 1 shows the results. 



EXAMPLE 9 • 

50 i 

Cobalt nitrate (1,019 g) and 303 g of ferric nitrate were dissolved in 1,000 ml of water. Separately, 243 g 
of bismuth nitrate was dissolved in a nitric acid/water solution consisting of 30 ml of concentrated nitric acid 
and 120 ml of water. Further, separately, while 3,000 ml of water was heated with stirring, 1,059 g of 
ammonium p-molybdate was dissolved in the water, and further 11.7 g of ammonium m -vanadate and 6.3 g 
55 of ammonium bichromate were added. And the mixture of the first two aqueous solutions of nitrates was 
added dropwise and mixed with this solution. And then 13. 1 g of barium nitrate and 1.2 g of beryllium 
oxide were added, and further 187.6 g of aluminum nitrate was added and mixed. The resultant suspension 
was heated with stirring, and evaporated and dried to solidness. Then the solid was formed into a ring-like 
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70 



shape having an outer diameter of 5 mm, a length of 5.5 mm and a through hole inner diameter of 2.0 mm 
and the ring-shaped product was fired under air current at 500* C for 6 hours. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
M01 2 C07 Fei .5BI1 .oV 0 .2Cr 0 .i Bao.i Be 0 .i Alt >0 . 

The oxidation reaction of MTBE was carried out according to the procedure of Example 1. Table 1 
shows the results of the reaction. 

EXAMPLE 10 



A catalyst was prepated by repeating the procedure of Example 9 except that 4.9 g of orthophosphoric 
acid and 8.0 g of tellurium dioxide were used in place of ammonium m-vanadate. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
75 M01 2 C07 Fei .sBh jPo.1 Te 0 .i Cr 0 . i Ba 0 .i Be 0 .i Al, , 0 . 

The oxidation reaction of MTBE was carried out according to the procedure of Example 1. Table 1 
shows the results of the reaction. 

20 EXAMPLE 11 

Cobalt nitrate (1,019 g) and 202 g of ferric nitrate were dissolved in 1,000 ml of water. Separately, 243 g 
of bismuth nitrate was dissolved in a nitric acid/water solution consisting of 30 ml of concentrated nitric acid 

25 and 120 ml of water. Further, separately, while 3,000 ml of water was heated with stirring, 1,059 g of 
ammonium p-molybdate and 265 g of ammonium p-tungstate were dissolved in the water, successively, 
and the mixture of the first two aqueous solutions of nitrates was added dropwise and mixed with this 
solution. And then an aqueous solution of 39 g of cesium nitrate, 16.6 g of lead nitrate and 14.9 g of zinc 
nitrate in 150 ml of water, 13.3 g of niobium pentoxide and 203 g of silica sol containing 20 % by weight of 

30 silica were added, respectively, and mixed. The resultant suspension was heated with stirring, and 
evaporated and dried to solidness. Then the soiid was formed into a ring-like shape having an outer 
diameter of 5 mm, a length of 5.5 mm and a through hole inner diameter of 2.0 mm and the ring-shaped 
product was fired under air current at 500* C for 6 hours.. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 

3$ Moi2W 0 . 5 Co7Bh Fei S!i^ 5 Pbo.i2no,iNbo.iCso.4. 

The oxidation reaction of MTBE was carried out according to the procedure of Example 1. Table 1 
shows the results of the reaction. 

40 EXAMPLE 12 

A catalyst was prepared by repeating the procedure of Example 1 1 except that 28.7 g of manganese 
nitrate, 8.5 g of silver nitrate and 5.2 g of germanium oxide were used in place of lead nitrate, zinc nitrate 
45 and niobium pentoxide, respectively. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
M01 2W 0 . 5 Co7Bii Fei Si 1 . 3 5Mno.2Ag (M Geo.iCso.4. 

The oxidation reaction of MTBE was carried out according to the procedure of Example 1 . Table 1 
shows the results of the reaction. 
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EXAMPLE 13 



55 A catalyst was prepared by repeating the procedure of Example 11 except that 15.4 g of cadmium 
nitrate, 3.0 g of indium nitrate and 25.1 g of uranyl nitrate were used in place of lead nitrate, zinc nitrate and 
niobium pentoxide, respectively. 
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The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 
Moi2W 0 . 5 Co7BiiFeiSl 1 .3sCdo.ilno.iUo.iCso.4. 

The oxidation reaction of MTBE was carried out according to the procedure of Example 1. Table 1 
shows the results of the reaction. 

5 

EXAMPLE 14 



io A catalyst was prepared by repeating the procedure of Example 11 except that lead nitrate was not 

used, that 3.6 g of lanthanum nitrate was used in place of zinc nitrate and that 4.7 g of garium oxide was 

used in place of niobium pentoxide. 

The atomic ratio in the composition of the resultant catalyst oxide except oxygen was 

M01 2W0.5C07B11 Fei Si 1 .3 5 Gao.iLao.iCso.4. 
15 The oxidation reaction of MTBE was carried out according to the procedure of Example 1. Table 1 

shows the results of the reaction. 
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Claims 

s 

1. A process for preparation of methacrolein and methacrylic acid characterized by carrying out 
catalytic gas phase oxidation of methyl tert-butyl ether with a molecular oxygen-containing gas by using a 
ring-shaped catalyst which has an outer diameter of 3.0 to 10.0 mm, a length of 0.5 to 2.0 times the outer 
diameter and a through hole, along the length, having a diameter of 0.1 to 0.7 times the outer diameter, and 

w which comprises an active substance having a composition represented by general formula 
M0(a)W (b) Bi(c)Fe<dAa)B{f)C( 0 )D (h) O (X ) 

wherein Mo represents molybdenum, W represents tungsten, Bi represents bismuth, Fe represents iron, A 
represents at least one element selected from the group consisting of nickel and cobalt, B represents at 
least one element selected from the group consisting of alkali metals, alkaline earth metals and thallium, C 

rs represents at least one element selected from the group consisting of phosphorus, tellurium, antimony, tin, 
cerium, lead, niobium, manganese, zinc, germanium, gallium, lanthanum, indium, cadmium, vanadium, 
chromium, uranium and silver, D represents at least one element selected from the group consisting of 
silicon, aluminum, titanium and zirconium and O represents oxygen; and further, each of a, b, c, d, e, f, g, h, 
and x represents an atomic ratio, when a = 12, then b = 0 to 10, c = 0.1 to 10, d = 0.1 to 20, e = 2 to 20, 

20 f » 0 to 10, g « 0 to 4 and h = 0 to 30, and x is a numerical value to be dependent on the valences of the 
other elements. 

2. A process according to claim 1 wherein the catalyst is formed in a ring-like shape. 

3. A process according to claim 1 wherein the catalyst is supported on a ring-like carrier. 

4. A process according to claim 1 wherein a mixture composed of 2 to 10 % by volume of methyl tert 
25 butyl ether, 3 to 20 % by volume of molecular oxygen, 0 to 60 % by volume of steam and 20 to 80 % by 

volume of an Inert gas is introduced onto the catalyst at a temperature of 250 to 450 # C, under a pressure 
of atmospheric pressure to 10 atom and at a space velocity of 300 to 5,000 hr" 1 (STP). 
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